In terms of human and machine vision it is often assumed that greyscale is simply the weighted sum of three colour responses. Thinking of greyscale (or luminance) in this way occasionally causes practical problems: details in pictures or graphics can be lost in greyscale reproductions if two different colours share the same weighted response. An alternative way to envisage the greyscale is as brightness encoding, whereby rather than using the luminance value at each pixel, the greyscale image represents the colour-contrast of the colour image as luminance-contrast. Socolinsky and Wolff 1 have proposed an algorithm to achieves this goal. The algorithm consists of two stages: computing a gradient field using DiZenzo's structure tensor 2 , and then reintegrating the gradient field. This approach produces a greyscale image whose local luminance-contrast reflects the colour-contrast of the original image.
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The Socolinsky and Wolff algorithm has two main drawbacks: firstly, there is no guarantee that it is possible to preserve colour contrasts perfectly in a greyscale reproduction; secondly, the range of greyscale values required to maintain colour-contrasts may exceed the range displayable on a given display device. In this work we mitigate the second problem using a tone reproduction curve, which maps the greylevel histogram of the reintegrated image towards that of the luminance image.
For a broad class of images, the contrast-preserving method produces images that are very similar to the luminance image. In some cases, where detail is lost using the luminance transform, the new images can retain the information in a displayable form. In order to tone-map the images, a number of linear methods were employed. The results were image dependent, but were in general more reliable for a method that maps the grey-level histogram towards the luminance histogram of the original colour image. 
The gradient images in the three channels can be combined using DiZenzo's 2 structure tensor. At a given pixel (x,y) the structure tensor is a 2x2 matrix defined by:
One of the simplest, and most widely used, methods for converting colour to greyscale is to calculate the luminance at each pixel. Assuming that the RGB image is encoded in the standard linear sRGB colour space, luminance, L, is calculated as the weighted sum of the three colour channels:
Calculating Colour Contrast
We calculate the colour contrast as the gradient of the colour image in a trichromatic colour space. The first step is to convolve each of the three colour channels with two local-differencing masks:
Applying this operation to the R, G, and B planes results in 6 gradient images:
The first eigenvalue of this matrix defines the magnitude of the gradient, while the first eigenvector defines the spatial orientation of the gradient. The sign of the gradient is not defined for a colour image, but can be assigned a value based upon the luminance image. These operations applied to an image result in a gradient-field, F.
Integrating the Gradient Field
Example Images (using tone-mapping method c)
Tone Mapping
In order to display the resulting greyscale image, we must map the grey-level values onto those displayable on an output device (e.g. monitor).
Given the gradient of the colour image, F, we seek the greyscale reproduction that has the same gradient field: in other words, we need to integrate the gradient field. Unfortunately, there is not always a greyscale image G, whose gradient matches that of the colour image. We therefore solve for G by minimising an error function E:
The least-squares optimal solution to this equation can be found by solving the Poisson equation:
We employ a general linear tone-mapping operator: We are currently investigating non-linear mappings (s-shaped curves)
